Challenges to improving ST-segment elevation myocardial infarction (STEMI) care are formidable in low-to middle-income countries because of several system-level factors.
S
T-segment elevation myocardial infarction (STEMI) is a leading cause of mortality and morbidity worldwide and is associated with a poor prognosis when appropriate treatment is delayed. 1, 2 Numerous reports 3,4 have documented that patients with STEMI in developing countries more often fail to receive adequate reperfusion or subsequent revascularization compared with those in North America and Europe. 3 In India, for instance, primary percutaneous coronary intervention (PCI) is used for emergency reperfusion in rare situations, and less than 10% of patients with STEMI receive definitive treatment with early postfibrinolysis angiography and PCI (ie, the pharmacoinvasive approach) 4 despite increasing guideline-based support for these strategies. 5, 6 As such, improving access to primary PCI and the pharmacoinvasive approach is an important priority for low-and middleincome countries (LMICs) and offers a key opportunity for their health care systems 7 because cardiovascular diseases assume epidemic proportions, especially in younger, workingage patients. 8 The challenges to improving STEMI care in LMICs are formidable because of several nonclinical, system-level factors. The most important limitations arise from poverty, limited health care infrastructure for PCI, and poor accessibility to acute emergency medical services.
9, 10 We previously reported results from the Kovai Erode Pilot STEMI Study, which tested the feasibility of implementing a treatment model for STEMI in a resource-poor setting based on systems of care models currently established in Western countries. 11 This pilot study 11 focused on improving access to PCI through primary PCI or the pharmacoinvasive approach by leveraging recent developments in public health insurance schemes in India, emergency medical services, and health information technology to link several small, peripheral spoke health care centers with a centrally located, PCI-capable hub hospital. On the basis of the promising results from this pilot study, 11 we subsequently expanded this hub-and-spoke model across a broader region of the southern Indian state of Tamil Nadu (TN).
12
This report describes the primary evaluation and results of the TN-STEMI program, which was a multicenter, prospective study that aimed to improve the delivery of STEMI care in an LMIC by increasing access to reperfusion and revascularization with PCI. The intervention in this study was explicitly designed to be scalable and to address system-level rather than patient-level factors related to quality gaps for advanced STEMI care in India. Thus, the framework of the TN-STEMI program can be extended to other areas of the country and may serve as a practical model for similar resource-poor settings in LMICs.
Methods

Study Design
The TN-STEMI program was developed as a multicenter, prospective study. We used a preimplementation and postimplementation quasi-experimental study design that was developed as part of a community-based treatment program. The design and rationale of the TN-STEMI program have been previously described. 12 In brief, we instituted a hub-and-spoke model that relied on an integrated health care network based on 35 primary care health clinics and small hospitals built around 4 facilities capable of providing advanced cardiovascular services, including PCI. We followed the current Declaration of Helsinki 13 and ethical guidelines for biomedical research on human participants as endorsed by the Indian Council of Medical Research. Ethics committee approval was specifically obtained from the hub hospitals, and written informed consent was obtained from each patient. Identifiers were collected on patients for follow-up; however, the data were analyzed after deidentification, although identifiers remain as part of the study and are protected.
Study Objectives
The primary objectives of the TN-STEMI program were to (1) improve the overall use of reperfusion and reduce the time from first medical contact to treatment in patients with STEMI and (2) increase the rates of postfibrinolysis angiography and PCI in eligible patients presenting to spoke health care centers by means of the pharmacoinvasive approach. Development of the TN-STEMI program involved 3 key partners from the public and private sectors.
TN State Government
The Chief Minister's Comprehensive Health Insurance Scheme in TN was established as government-sponsored social insurance coverage for health care among those below the poverty line (ie, the equivalent of less than Rs72 000 [or US$1100] annual income). However, some patients remained ineligible (eg, out-of-state and migrant workers).
Gunapati Venkata Krishna Emergency Management and Research Institute Ambulance
The Gunapati Venkata Krishna Emergency Management and Research Institute (GVK-EMRI) operates as a public-private partnership and is recognized as a not-for-profit entity. Ambulance services provided by the GVK-EMRI may be activated by a patient with chest pain or a health care facility using the Call 108 system. The GVK-EMRI ambulances are capable
Key Points
Question Can access to reperfusion and percutaneous coronary intervention during ST-segment elevation myocardial infarction be achieved in low-to middle-income countries where resources are constrained?
Findings This multicenter, prospective study of 2420 patients in a quality improvement program in India found that overall reperfusion use and time to reperfusion were similar during the preimplementation and postimplementation phases, but both postfibrinolysis angiography and percutaneous coronary intervention were more commonly performed in the postimplementation phase.
Meaning A hub-and-spoke model may serve as an example for developing ST-segment elevation myocardial infarction systems of care in low-to middle-income countries.
Study Population, Facilities, and Enrollment Period
Patients 20 years or older with symptoms or signs consistent with an acute coronary syndrome were enrolled after consent was obtained. For entry in the study, an ECG must have evidence of myocardial injury with a 1-mm or greater STsegment elevation in at least 2 anatomically contiguous limb leads (aVL to III, including aVR), 1-mm or larger ST-segment elevation in precordial lead V4 through V6, 2-mm or larger ST-segment elevation in V1 through V3, or a new left bundle branch block. Cardiac biomarker elevation was not required for diagnosis. Because all patients provided informed consent, we were unable to include those who died before hospital arrival, ECG confirmation, or informed consent was obtained, which may have led to biases in the exclusion of patients who were unstable. The hub hospitals were 4 large tertiary care hospitals: 3 with the capability to perform emergency coronary angiography and PCI around the clock and 1 with the capability to perform PCI only between 8 AM and 4 PM. All participating units committed to complying with the study protocol and were within the catchment area for the GVK-EMRI ambulances. Each hub hospital was linked to between 3 and 15 referring spoke health care centers for a total of 35, with most spoke health care centers located in small towns and rural areas and staffed by generalist physicians. (A total of 40 spoke health care centers were initially recruited, but 5 failed to enroll a single patient.) A full list of the participating spoke health care centers and PCI hub hospitals organized by their classes is presented in eTable 1, eTable 2, eFigure 2, and eFigure 3 in the Supplement.
Data Collection, Study Timeline, and Outcomes
Study personnel captured data prospectively using an electronic data capture application that collected information on demographic characteristics, personal history, and medical history. Data relating to processes of care were also prospectively obtained and included the mode of transportation and intervals of onset of chest pain, time of arrival at the hospital, time taken to perform ECG, and time when coronary angiography and/or PCI (if performed) were started. Clinical examination findings, medications, cardiac catheterization details, and inhospital outcomes were abstracted from hospital records.
Data were collected from the 4 clusters before implementation of the program (preimplementation data). We required a minimum of 12 weeks for the preimplementation data, with the period extending from August 7, 2012, through January 5, 2013, for a mean period of 15 weeks per cluster. The program was then implemented in a sequential manner across the 4 clusters, and data were collected in the same manner (postimplementation data) from June 12, 2013, through June 24, 2014, for a mean 32-week period.
Our primary outcomes were based on key process measures. They included (1) proportion of patients with STEMI receiving reperfusion, with fibrinolysis or primary PCI; (2) timely reperfusion defined as door-to-balloon time of 90 minutes or less in patients with STEMI treated with primary PCI or doorto-needle times of 30 minutes or less in patients with STEMI treated with fibrinolytic therapy; and (3) proportion of patients undergoing primary PCI or postfibrinolysis angiography with potential PCI as part of the pharmacoinvasive approach. As a secondary outcome, we evaluated in-hospital and 1-year all-cause mortality. Follow-up data on 1-year mortality after discharge were obtained through scheduled outpatient clinic follow-up appointments and telephone surveys and were available for 2020 patients (83.5%). An additional secondary outcome was use of aspirin, P2Y12 inhibitors, and statins at discharge.
Statistical Analysis
Data from all 4 clusters were combined for analysis. Continuous variables were summarized using descriptive statistics and categorical data as the percentage of participants in each category. Comparison between patients treated during preimplementation and postimplementation phases were tested using 2-tailed, unpaired t tests; nonparametric Mann-Whitney tests; and χ 2 tests based on the outcome. To account for potential changes over time in the assessment of the secondary outcome of mortality, multivariable logistic regression models were constructed. We compared in-hospital and 1-year mortality between preimplementation and postimplementation phases after adjusting for age, sex, diabetes, hypertension, smoking, prior PCI, initial systolic blood pressure, heart rate, anterior MI location, and the site of entry in the STEMI system. For these models, we used multiple imputation analyses to account for missing data for systolic blood pressure, heart rate, and anterior MI location. 14 This approach assumed missing data at random; relied on age, sex, diabetes, hypertension, smoking, prior PCI, and the outcome variable for prediction of imputed values; and generated 10 imputed data sets for analyses. Standard statistical models were fit to the 10 imputed data sets, and overall estimates of association were averaged using STATA's mi command. Our results were qualitatively similar when we used complete cases only. All statistical analyses were performed using SAS statistical software, version 9.3 (SAS Institute Inc) and STATA software, version 14.1 (StataCorp). Statistical significance was set at a 2-tailed P < .05.
Results
A total of 2420 consecutive patients presenting with STEMI (898 in the preimplementation phase and 1522 in the postimplementation phase) were enrolled from August 7, 2012, through June 24, 2014. Of these, 1367 (56.5%) presented directly to the 4 hub hospitals and 1053 (43.5%) to the 35 spoke health care centers. Baseline characteristics of the study population are listed in Primary Outcomes: Process Measures Table 2 lists the key process measures during the preimplementation and postimplementation phases. The proportion of Table 3 ). In-hospital mortality was significantly lower in the hub hospital patients compared with patients initially evalu- 
Discussion
India is a large country with a high burden of noncommunicable disease, particularly cardiovascular diseases. 15, 16 The low rates of health care spending by the state and national governments, uneven distribution of basic health care facilities, and inability of large populations of rural and urban poor to access high-quality care make the challenge of developing a viable STEMI system of care in India a daunting task. Added to this situation is the disproportionately high prevalence of coronary artery disease in lower socioeconomic classes and consequent higher mortality attributable to poor access to affordable, quality health care. 17, 18 All of these challenges focused toward acute care need to be balanced against additional health priorities focused toward prevention, and this scenario in India represents a prototypical case for many LMICs.
To develop a system of care in LMICs, it is important to understand that focusing on primary PCI as the exclusive mode of reperfusion is not feasible despite its dominant treatment role in many Western countries. The Treatment and Outcomes of Acute Coronary Syndromes in India (CREATE) registry found that only 8% of patients with STEMI underwent PCI at any point during hospitalization. 4 The In this context, our findings of stable reperfusion rates and times to treatment combined with increases in primary PCI and the pharmacoinvasive approach after the implementation of the TN-STEMI program are noteworthy because of several of its key features. First, our high rates of reperfusion at baseline (approximately 90%) may reflect the institution of care processes around measurement in the preimplementation phase. Although we did not see an improvement, this outcome may have occurred because of the ceiling effect that reflected increased attention on this important process-of-care measure. Second, we found that establishing transfer of patients with STEMI using ambulance services with paramedics was important for their safe transportation. Although taken for granted in developed countries, LMICs do not always have similar prehospital emergency medical services. 20 Third, outof-pocket payment for medical care is the most common payment method for medical services in India, where insurance coverage is low. 21 Because medical care is one of the most common causes of debt for the rural poor, 22 a key strategy was to make this program inclusive by linking it to governmentsponsored social insurance. Indeed, we found that most spoke health care centers were not accredited for insurance reimbursement in the preimplementation period, and hence patients paid out of pocket for treatment. In the postimplementation phase, 35% of the patients in the PCI hubs and 59% in the spoke health care centers received coverage through the Chief Minister's Comprehensive Health Insurance Scheme. Fourth, use of the STEMI Information Technology Kit for diagnosis and monitoring was a unique feature that allowed for communication across the network. Our most prominent finding was greater use of primary PCI and the pharmacoinvasive approach. This greater use was particularly striking for those admitted to spoke health care centers and, importantly, did not lead to diminished rates of reperfusion or delays in times to treatment. In our study, use of primary PCI and the pharmacoinvasive approach increased most notably in the spoke health care centers by almost 10-fold from 3.5% to 31.3%. Recent data from the Strategic Reperfusion Early After Myocardial Infarction (STREAM) trial suggest that the pharmacoinvasive approach may be comparable to primary PCI, 23 whereas a meta-analysis 24 suggests that postfibrinolysis angiography and PCI lead to significant clinical benefits when compared with stand-alone fibrinolysis. Application of the pharmacoinvasive approach has also been studied in the Indian context. 25 In the present study, 53.6% of patients in the preimplementation phase had stand-alone fibrinolysis, which was reduced to 29.4% in the postimplementation phase. The spoke health care centers had an even greater reduction in stand-alone fibrinolysis from 77.1% to 46.3%. At 1 year, we found all-cause, risk-adjusted mortality to be lower in the postimplementation group compared with the preimplementation group, but this finding was not statistically significant and was a secondary outcome. We urge caution when interpreting this result. However, this finding is consistent with the potential benefits of reperfusion and revascularization after STEMI seen in Western countries. It also may be related to improvements in prescriptions for key medications, such as statins and dual antiplatelet therapy.
Limitations
Our study also has important limitations. First, this was an observational study that examined key processes and outcomes before and after implementation of a number of interventions. Our ability to causally link any specific part of our program to the benefits we observed is limited and subject to temporal trends; the strategy we incorporated to increase primary PCI and the pharmacoinvasive approach has been evaluated in randomized clinical trials 23, 24 in other populations, suggesting that our results have face validity. Second, we required informed consent for enrollment in the intervention to col-lect data. Therefore, although we tried to capture consecutive patients, it is likely that we missed many who died before arriving at the hospital, confirming ECGs, or obtaining informed consent. This requirement for infomred consent also may have led to our observation of a less sick cohort than would be expected by an all-comers study design as demonstrated by lower-than-expected rates of shock and mortality. Third, we implemented a STEMI system of care, leveraging several ongoing efforts that may not be universally available. For example, we were able to use a popular health insurance scheme for patients living below the poverty line to fund many of the services provided in the TN-STEMI program, and we benefited from the concomitant increase in GVK-EMRI ambulance services. These types of investments by public organizations and the government are critical aspects for creating sustainable quality improvement efforts in LMICs. In addition, such programs remain imperfect (eg, partial insurance coverage and ongoing costs may not be fully covered for all patients). Regardless, based on the TN-STEMI program, the adjacent state of Telangana is providing government support to develop a similar hub-and-spoke model for its population. Finally, the high overall rates of reperfusion seen in our registry are not typical for those observed in India and other LMICs but highlight the potential of a program such as ours in streamlining STEMI care even in resource-poor settings.
Conclusions
The hub-and-spoke model of a STEMI system of care that connects peripherally located spoke health care centers with large PCI hub hospitals is a feasible and effective model for STEMI reperfusion in LMICs, such as India. This model improves access to primary PCI and the pharmacoinvasive approach without reducing or delaying reperfusion and may improve 1-year mortality. India shoulders more cardiovascular disease (CVD) burden than any other country. 1 Despite economic growth and development in the past 2 decades, the challenges of human and physical resources remain in India. There are, however, several positive trends. First, more data and more research are being gathered in a systematic way for CVD and other noncommunicable diseases from surveillance to intervention studies.
Second, there is increasing recognition that system-level solutions are required and that therapeutic randomized clinical trials alone usually do not result in improvements in health care delivery. A recent systematic review 2 found 49 studies of patient-, practitioner-, or system-level interventions in CVD in 19 different low-to middle-income countries (LMICs). There were beneficial interventions in hypertension and diabetes, but patient-, practitioner-, or system-level interventions for acute coronary syndromes were inconclusive. Moreover, the review 2 found a focus on chronic CVD conditions but not acute CVD care and lack of longer-term interventions and follow-up. Third, disease-specific registries and quality improvement initiatives are becoming more common in CVD. The Kerala Acute Coronary Syndrome Registry found that optimal in-hospital care was delivered in only 40% of admissions and discharge medical care in only 46% of admissions, with wide variability in both in-hospital and discharge medical care. 3 On the basis of these data, the Acute Coronary Syndrome Quality Improvement in Kerala (ACS-QUIK) study, 4 a cluster randomized, stepped-wedge trial, is currently studying whether a locally developed quality improvement toolkit intervention (including clinical standards and guidelines) improves rates of 30-day major adverse cardiovascular events. The Trivandrum Heart Failure registry has identified that, among patients with heart failure with reduced left ventricular ejection fraction, guideline-based therapy was given to only 19% on hospital admission and 25% at discharge. 5 The PINNACLE (Practice Innovation and Clinical Excellence) registry, a collaboration between the American College of Cardiology and Indian stakeholders, is an example of a quality improvement program at a national level to consider outpatient care of CVD.
6
In this issue of JAMA Cardiology, the results of the Tamil Nadu-ST-Segment Elevation Myocardial Infarction (TN-STEMI) program are presented, addressing the gap in research on acute CVD with longer-term follow-up in India.
7 Between August 2012 and January 2013, a hub-and-spoke model for management of STEMI was implemented in 4 large tertiary care hospitals: 3 with the capability to perform emergency coronary angiography and 24-hour percutaneous intervention (PCI) and 1 with the capability to perform PCI only between 8 AM and 4 PM. Hub-and-spoke models for delivery of primary PCI are supported by an evidence base in developed countries but not in lower-income settings. The TN-STEMI program aimed to improve the overall use and effectiveness of reperfusion in patient with STEMI. The authors and the study team are to be congratulated on achieving their prespecified performance objectives compared with the preimplementation phase. These targets include a higher proportion of 
